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© Impeller blade with reduced stress. 

© A fluid impeller blade with lowered stress and 
increased useful life has an edge extending from the 
hub (12) of the blade (16) and forming, in part, a 
boundary for axial fluid flow. The edge (26), at least 
at its extremity, is spaced axially into the blade (16), 
at an angle of about 2 to about 20' from the radial 
line through the edge at the hub of the blade, 
whereby the mass of blade material exerting centri- 
fugal force on the edge at the blade hub during 
rotation of the impeller (10) is reduced. 



FIG. 1 
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TECHNICAL FIELD 

This invention relates generally to blades in a 
shrouded radial flow impeller, and, more particu- 
larly, to an improved blade with reduced centrifugal 

stress and improved useful life. 

v. 

BACKGROUND OF THE INVENTION 

Radial flow impellers find application in gas 
turbine engines where they are used as compres- 
sor impellers and turbine impellers. Another ap- 
plication is in the expansion of gases for cooling in 
refrigeration plants and in gas liquification plants. 
Radial flow impellers are greatly subject to struc- 
tural constrictions in design because of aerody- 
namic considerations. 

In a radial turbine impeller, gas flows into the 
impeller in a radial direction, entering channels 
formed by the impeller hub and the impeller 
blades. Typically, to achieve high aerodynamic 
performance, the impeller blades at their outer ex- 
tremities have an integral shroud which forms the 
outer boundary of the fluid flow channels. The gas 
is expanded and turned in the impeller from the 
radial direction to discharge in the axial direction. 
Thus, the discharge face of the impeller is a gen- 
erally radial plane, and the blades edges are radial. 
The blade edges define a large exit area for the 
expanded axial ftow. Consequently, this face is 
termed the impeller eye. To provide the large exit 
area, the blade edges have a large radial span. 
Since these edges in a turbine impeller are trailing 
edges, they must be thin to' provide good aero- 
dynamic performance. 

Stresses concentrate at the hub of the blade at 
the trailing edge. This, location is therefore suscept- 
ible to cracking, and is critical in establishing the 
cyclic life of the impeller. Centrifugal stress is a 
large portion of the total stress at this critical loca- 
tion. The outer shroud is a large contributor to this 
centrifugal stress. Unshrouded impellers, on the 
other hand, do not experience such severe stress 
at this critical location, but have the disadvantage 
of significantly poorer aerodynamic performance. 

The prior art has attempted to reduce stresses 
at the critical location by. configuring the blade 
geometry. One technique has been simply to use 
thick trailing edges with attendant, poorer aero- 
dynamic performance. To reduce the aerodynamic 
performance penalty, the thickness of the blade 
trailing edge has also been tapered, that is, pro- 
gressively reduced in thickness from the hub of the 
blade to the tip of the blade. Stress is reduced in 
that the mass of blade material exerting centrifugal 
force on the critical location is reduced. 

Another technique used in the prior art has 
been to locate an annular recess on the eye face of 



the impeller hub at a radius somewhat less than 
the radius where the blades begin. This annulus 
introduces some flexibility into the connection of 
the blade edge with hub at the eye face, thereby 
5 reducing stress in the blade edge at its intersection 
with the hub. 

SUMMARY OF THE INVENTION 

70 This invention provides a radial flow impeller 

blade with reduced stress at a critical location, and 
consequently a blade with increased useful life. 
The blade comprises a surface for fluid engage- 
ment having an outer shroud and an edge defining, 

75 in part, an opening for axial fluid flow. The edge 
extends from the hub of the blade, and, at least at 
its extremity, is spaced axially into theblade at an 
angle of about 2 to about 20 • from the radial line 
through the edge at the hub of the blade. Thereby, 

20 the mass of blade material exerting centrifugal 
force on the edge at the blade hub during rotation 
of the impeller is reduced, and consequently the 
centrifugal force itself is reduced. 

In a preferred embodiment, the blade edge at 

25 the eye of the impeller, from blade hub to blade 
extremity, is progressively spaced into the impeller. 
In another embodiment, the blade has an outer 
shroud except over an angle of from about 2 # to 
about 20 * from a radial line extending through the 

30 edge at the blade hub. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a cross sectional view of a turbine 
35 impeller showing one embodiment of the invention 
. in the upper half and another embodiment of the 
invention in the lower half. 

Fig, 2 is a graph showing the stress obtained at . 
the critical location in a radial turbine impeller, that 
40 u ■ is, at the hub edge of the blade at the eye of the 
- impeller, for various degrees of outer shroud ab- 
sence and for various degrees of beveling of the 
trailing edges of the blade. 

45 DETAILED DESCRIPTION OF THE INVENTION 

Depicted in Fig. 1 is a radial flow impeller 10 
having a hub 1 2 with a central bore 1 4 for mount- 
ing of the impeller on a shaft. Extending from the 

so hub 1 2 are blades 1 6 which together with the outer 
boundary of the hub define individual channels for 
fluid flow. The intersection of each blade with the 
hub is termed the blade hub 18. The blade sur- 
faces engage the fluid flow and are the principal 

55 means for transfer of energy between the fluid and 
the impeller. Integral with the outer extremity 20 of 
the blades is a circumferentially-continuous outer 
shroud 22. The outer shroud provides a solid outer 
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boundary for fluid flow in the channels formed by 
the blades and the hub, and allows high' efficiency 
to be achieved. The outer shroud includes 
circumferentiaily-continuous projections 24 to serve 
as a labyrinth seal. The intersection of each blade 
with the outer shroud is also termed the blade tip 
25. ' 

At one extremity of the channels, the blade 
edges 26 form channel openings of relatively large 
flow area axially aligned for fluid flow. This face is 
termed the eye of the impeller. At the other ex- 
tremity of the channels, the blade edges 28 form 
openings of relatively small flow area radially 
aligned for fluid flow. The channels are curved 
between the openings to guide and cause the fluid' 
flow to change between the axial and radial direc- 
tions. When the impeller is used in a compressor, 
the fluid enters the eye of the impeller, and is 
accelerated in the impeller. When the impeller is 
used in a turbine, the fluid exits at the eye of the 
impeller, and is decelerated in the impeller. 

During steady operation, the impeller is subject 
to steady centrifugal, fluid pressure and thermal 
loads. Typically the highest steady stresses in a 
blade occur along or near the line of intersection of 
each blade with the hub, that is, the blade hub 18. 
The peak stress in this line 18 occurs at a location 
30 close to or at the blade edge at the eye of the 
impeller. In both an expansion or compression im- 
peller, the blade edge at the eye is thin for high 
aerodynamic efficiency. This feature results in a 
small cross section for load bearing and high 
stress. 

In addition to the steady loads, the fluid enter- 
ing and leaving the impeller channels excites vibra- 
tional modes in the impeller thereby imposing dy- 
namic loads. The blade edge at the eye hub exper- 
iences the highest stresses from dynamic excita- 
tion of blade bending modes. The combination of 
the steady and dynamic loads cause the highest 
stress to occur at the blade hub edge at the eye of 
the impeller. This location 30 is consequently sus- 
ceptible to crack initiation, and its stress condition 
is critical in determining the useful life of the impel- 
ler. 

Centrifugal load produces the majority of the 
stress at the critical location 30. The outer shroud 
22 causes a large contribution to this load. An 
unshrouded blade does not experience such se- 
vere stresses and does not pose the severe stress 
problem that a shrouded blade does. Modifications 
to a shrouded blade to reduce the centrifugal load 
imposed by the shroud are particularly efficacious 
in increasing the operational life of the impeller. 
This is accomplished in the blade configuration 
provided by this invention. 

As shown in the upper haJf of Fig. 1 , at a 
location radially removed from the blade hub, the 



blade edge 26 forming the axial flow opening in the 
impeller is spaced axially into the impeller relative 
to the blade edge at the hub. This reduces the 
mass which exerts centrifugal loading on the criti- 

5 cal location, and, therefore, the centrifugal stresses 
at the critical location. In a preferred embodiment, 
the blade edge 26 is progressively spaced axially 
into the impeller from the blade hub to the blade 
extremity. For fabrication ease, the blade edge is 

.70 straight and is termed a beveled edge. Thus, the 
impeller face at the eye from the blade hub radially 
outward has the shape of the surface of a cone 
with its vertex on the impeller centerline. 

In a modification of the preferred embodiment, 

75 the bevel begins at a circumference on the eye 
face of the impeller other than the blade hub. For 
instance, the blade is beveled from blade midchan- 
nel to blade tip including the shroud. Somewhat 
higher aerodynamic efficiency results with such a 

20 partial bevel compared to a bevel of the entire 
blade edge. However, a larger bevel angle is re- 
quired to produce a stress reduction equal to that 
of a bevel initiating at the blade hub. 

In yet another modification of the preferred 

25 embodiment, the blade edge at the eye, rather than 
being linear, is curvilinear (not shown). A curvilinear 
blade edge, such as a parabolic segment, can 
produce slightly lower stress at the critical location 
30 than a straight edge. In such a configuration, the 

30 impeller eye face from the blade hub outward has 
a more complex surface than that of a cone. The 
fabrication of such an impeller presents greater 
difficulty than fabrication of an impeller with straight 
blade edges at the eye. ( 

35 In another embodiment of the invention, as 

shown in the lower half of Fig. 1 , the blade edge 32 
at the eye is radial, but the blade is unshrouded for 
a short tength 34 from the eye face. The remainder 
of the blade includes a shroud 22 in order to 

40 achieve acceptable aerodynamic performance. The 
centrifugal loading on the critical location 30 is 
reduced in that the mass of material acting on the 
critical location is reduced. To reduce the small 
loss in efficiency resulting from the unshrouded 

45 portion of the blade extremity, a stationary shroud 
(not shown) is optionally fitted to this area. The 
stationary shroud closely approaches, but does not 
contact the blade extremity. 

For convenience, a reference or bevel angle 36 

so is defined as the angle between a radial line 
through the blade edge at the blade hub/ and a line 
from the blade edge at the hub through the extrem- 
ity of the blade edge. The range of operable refer- 
ence or bevel angles is from about 2* to about 

55 20*. The preferred range is from about 3* to 
about 12°. The most preferred range is from about 
3 • to about 8 • 
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EXAMPLE 

An expander impeller fabricated from 7175-T74 
aluminum has a radial fluid inlet at a diameter of 
5.2 inches. The blades have an integral outer 
shroud which includes projections for a labyrinth 
seal. The axial outlet at the eye has a blade hub 
diameter of 1.3 inches and a outer diameter includ- 
ing the shroud of 3.5 inches. Air enters at 300 psia, 
440 0 R, exits at 80 psia, 300 'R, and spins the 
impeller at 55,000 rpm. The impeller blades at the 
eye are beveled from blade hub to tip according to 
the preferred embodiment of the invention. In Fig. 
2, line B shows the stress at the critical location in 
the impeller, that is, at the hub edge of the blades 
at the eye, as a function of the bevel angle. Line A 
shows the stress at the critical location resulting 
solely from removal of the shroud as a function of 
reference angle from the eye face of the impeller, 
pursuant to another embodiment of the invention. 
Significant reductions in stress are achieved in both 
embodiments. 

The penalty in efficiency caused by a bevel 
angle of 5 * , or by unshrouding over 5 • , is es- 
timated at 0.25%. The penalty in efficiency es- 
calates increasingly with increased angle. However, 
at a modest bevel angle of 5 • , a stress reduction 
from 17,000 psi to 10,000 psi, a reduction of 41%, 
is obtained at the critical location with only 0.25% 
loss in efficiency. This stress reduction results in 
an increase in life from 10 9 cycles to 10 12 cycles at. 
identical operating conditions. Thus the application 
of the invention provides a significant benefit. - 

For comparison, line C in Fig. 2 shows the 
stress at the eye hub edge in an analogous unsh- 
rouded blade. The stress without any modification 
of the unshrouded blade is less than that in the 
shrouded blade, and does not present the problem 
encountered in the shrouded blade. With beveling 
of the eye edge, stress reduction also occurs in the 
unshrouded blade, but much less rapidly with bevel 
angle than occurs with shrouded impellers. 

While the invention has been described as an 
example with reference to specific embodiments, it 
will be appreciated that it is intended to cover all 
modifications and equivalents within the scope of 
the appended claims. 

Claims 

1. A radial flow impeller blade with reduced 
stress and increased useful life comprising a 
surface for fluid engagement having an outer 
shroud and an edge defining, in part, an open- 
ing for axial fluid flow, said edge extending 
from the hub of said blade and at least at its 
extremity being spaced axial I y into the blade at 
an angle of about 2 to about 20* from the 



radial line through said edge at the hub of said 
blade. 

2. The blade as in claim 1 wherein said edge at 
5 least at its extremity is spaced axially into the 

blade at an angle of about 3 to about 1 2 * from 
the radial line through said edge at the hub of 
said blade. 

w 3. The blade as in claim 1 wherein said blade at 
said edge is beveled at an angle from about 
2 • to about 20 • . 

4. The blade as in claim 1 wherein said blade 
75 includes an outer shroud except over an angle 

of from about 2* to about 20* from a radial 
line extending through the edge at the blade 
hub. 

20 5. The blade as in claim 1 wherein at least a 
portion of said blade surface is radially tapered 
in thickness, whereby the mass of said blade 
is reduced in radially approaching the blade 
extremity. 

25 

6. A radial impeller with reduced centrifugal 
stress and increased useful life wherein the 
impeller face having openings for axial flow, at 
least at its extremity, has the shape of the 

30 surface of a cone with its vertex on the impel- 

ler centerline, the vertex having an included 
angle from about 140* to about 176v 

7. A method of reducing centrifugal stress in a 
35 radial flow impeller blade at the hub of the 

blade edge forming an opening- for axial flow, 
said method comprising spacing at least the 
extremity of said edge axially into the blade at 
an angle of about 2* to about 20* from a 
40 radial line through said edge at the hub of said 

blade. 

8. The method of claim 7 further comprising 
spacing at least the extremity of said edge 

45 axially into the blade at an angle of about 3 • 

. to about 12* from a radial line through said 
edge at the hub of said blade. 

9. The method of claim 7 further comprising bev- 
50 . eling said blade at said edge at an angle of 

from about 2 • to about 20 • . 

10. The method of claim 7 further comprising pro- 
viding the blade with an outer shroud except 

55 over an angle from about 2" to about 20° 

from a radial line extending through the edge 
at the blade hub. 
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